The scanning-fit method was developed for the global data analysis of pump-probe data. This method is useful in cases when pulse durations are adjusted to be short compared with nuclear dynamics and long compared with the dephasing timescales. Then multiexponential functions can be used to describe the mono molecular relaxation processes and the scanning-fit method increases the accuracy of the calculated time constants, yields detailed information about their ranges of confidence and their dependency from each other. In this paper we describe the method in detail and demonstrate its application to simulated data. Additionally, we report about the results which were obtained from scanning-fit analysis in case of the photoisomerization of pinacyanol and the light induced processes in phycocyanobilin.
INTRODUCTION
The methods of nonlinear optical spectroscopy make it possible to study certain aspects of molecular processes in their characteristic timescales. Transient absorption spectroscopy is one of the most common experimental techniques within this field. It is based on the subjection of the sample to two light pulses: The pump and the probe pulse with wavelengths Ao and A and pulse length -p for both pump and probe pulse. The pump pulse interacts with the sample at time to and the *Corresponding author. probe pulse is delayed by time with respect to the pump pulse (t > -p). The signal is obtained from the energy of the transmitted probe pulse. From this signal the change of the absorption of the sample can be estimated as a function of the delay time and the wavelength [1, 2] .
One of the most common goals of pump-probe experiments is to elucidate the population dynamics of electronically excited states. In case of mono molecular processes the transient absorption at selected wavelengths can be decomposed into a sum of exponentials.
ZLA_o, t) Z aie-(t/i) (1) Different numerical data analysis methods can be used to find the best fit-coefficients of this function. Nevertheless, in cases with large numbers of these coefficients their estimation can be rather difficult. If the fit-function is of the type Eq. (1) this behaviour is connected with the high dependency of the coefficients 7" on each other (correlation between the coefficients). Therefore the fit-analysis of experimental data obtained from pump-probe experiments is encumbered with problems. This is the case even if global fit-methods are applied to experimental data with a high signal-noise ratio (S/N). In contrast to other fit methods, the result of our scanning-fit method is not only a point estimation of the fit-coefficients but a set of solutions. From its properties the range of confidence and the correlations of the fit-coefficients can be obtained. Our method can iso be successfully applied in the case of non-exponential fit-functions [ Following the splitting of the set of coefficients P the function F(p, yj, xj) can be understood as depending on the set of critical coefficients and all remaining coefficients F(pc, pr, y,x). In the following sections the minimum of F with the condition of fixed pc we name F(pc)
The principle of the introduced method involves (i) the splitting of the space of coefficients into two subspaces and (ii) the systematic scanning within the subspace of critical coefficients. For each set of critical coefficients chosen all remaining coefficients are to be optimized by any suitable conventional fit algorithm. The numerical result of this analysis method is a set of points of support for the function F(pc) within the scanned subspace of the critical coefficients.
In practice the base vectors for every critical coefficient (Pc)i are defined within its domain of definition. For every selected combination of Pc all remaining coefficients pr are to be optimized with a suitable conventional fit-algorithm. In this way the values of the function F can be estimated as a function ofpc. In the case of two critical coefficients, F can be visualized as a surface over a two-dimensional plane. In case there are more than two critical coefficients two-dimensional cuts through the obtained hyper surface make it possible to understand the numerical result. In this way the method of scanning-fit yields all local minima of the function F within the scanned range of coefficients. (6) This criterion means that the destination between each fit-function and the data points is always smaller then
In conclusion, the introduced method yields the set of solutions for the critical coefficient vector Pc. The shape of the set of solutions shows the correlation of the critical coefficients (Pc)i (Pc)i((Pc)j:i). Ranges of confidence for every component of Pc can be estimated from the extension of the set of solutions. Nevertheless, these ranges depend on the choice of all other coefficients. The set of solutions do not have to be connected and its shape can be complicated. It is obvious that the graph of the set of solutions exceeds a point estimation combined with its range of confidence.
Demonstration of the Scanning-fit with Simulated Data
In this section we demonstrate the application of the Scanning-fit method to simulated data points [4] . To simulate different SIN we have used the modified Eq. (4) with a normally distributed noise R(cr), with the variance r2. y(t) A' e -(t/-) + (1 A') e-(t/ + R(cr) (7) The fit-function was f(t) A. e -(t/) + (1 A). e -(t/'2). (8) The coefficients 7" were selected as the critical coefficients. The domain of these critical coefficients was scanned and the remaining coefficient, A, was again and again optimized using the fit-algorithm of Levenberg and Marquardt. Different results were obtained depending on the coefficients used for the simulation of the data (-i and A). Their plots are given in Figure 3 as density plots (value of F(-, -2) is the blackness). The example shown in Figure 3 demonstrates (9) This construction can be illustrated as the "optical multiplication" of the density plots obtained for the single experiments. (see Fig. 4 (2)).
The analysis shows that isomerization is performed monoexponentially and a biexponential function does not correctly describe the relaxation mechanism of the excited molecules. To test this behaviour, a biexponential function was used for the scanning-fit.
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+ e-2"t/rv (a e -tlr' -I-a2 e -tIt2 -k-a3) (11) This fit function is an approximation for the convolution of the relaxation function and the function of the excitation pulse (see appendix). The amplitude a3 reflects the long-lived photoisomer. The set of solution in Figure 6 includes symmetrical solutions (r =r2), where the quality of the fit function is not significantly lower than that of possible asymmetrical solutions. Previous experiments revealed also monoexponential behavior [7] . Our experiments yield the same result, however, due to the increased time resolution a biexponential behavior can be excluded with a high probability. It should be remarked, that the timescales of some ultrafast dynamics of the solvent (e.g., inertial solvation response in methanol [8] As can be seen from the given example, the biexponetial scanning-fit clearly shows that a monoexponential function is sufficient to describe the experimental data. In this way the scanning-fit protects the user from the overinterpretation of the experimental data. This is in contrast to the solutions obtained from conventional fit methods. In the best case these methods yield the position of the global minimum leading to biexponential solutions (-1 -2). ' =4ps, -2=34ps, -3 =400ps, -,=0.1 ps, a--0.14, b =0.65, e=0.21. The insert shows the data and the fit-function for short times.
From its chemical structure Phycocyanobilin is an open chain tetrapyrrole [10] . Different components (conformers, isomers, tautomers) of the molecule exist in the solvent methanol. Recently, the absorption spectra of different components were estimated from transient absorption measurements and the dynamics of excited components were studied [11] . Here we report some experimental data of these measurements to demonstrate the application of the scanning-fit method with a three-exponential fit-function.
The fit-function is of the type Eq. (4), supplemented with a factor which considers the temporal shape of the pump-pulse (for details see Appendix). The parameters 7-are the critical coefficients of the fit question. In comparison to the examples discussed above the number of these critical parameters is higher. Typically, a global scanning-fit analysis should be performed if the kinetic parameters of the processes of phycocyanobilin are to be determined with high accuracy. In this paper we abstain from this procedure to focus on the demonstration of the scanning-fit method. We discuss the results of a non-global scanning-fit analysis of the data obtained after integration within the spectral range between 590nm and 630 nm.
The Figure 8 shows two-dimensional cuts through F(7-,7-2,-3). FIGURE 8 Density plots for data shown in Figure 7 . The color represents the value of (a) F(7-, 7-3) and (b) F (7-, 72 
